The International Union of Pure and Applied Chemistry (IUPAC) was formally founded in 1919 by delegates from Belgium, France, Italy, UK, and USA, as described in Fennell's History of IUPAC [1] . The members of the earlier International Association of Chemical Societies were invited to join the new organisation, though Germany and the former Central Powers were not, and there was no national government of the former Russian Empire. A series of Commissions had been established between 1922 and 1928, amongst them a Commission for the Reform of the Nomenclature of Inorganic Chemistry, which, along with Commissions for organic and biological chemistry nomenclatures, dated from 1922. It was this Inorganic Nomenclature Commission which published a report in both French and German on the reform of inorganic chemistry nomenclature in 1940, though an earlier, largely forgotten report on inorganic nomenclature had appeared as early as 1925. In contrast, international discussions on the nomenclature of organic chemistry date from the Geneva Congress of 1892, when the need for a widely accepted organic nomenclature was formally recognised. [3, 4] , but whose ideas were established well before the renaissance of inorganic chemistry in the late 1950s. This report was finished by 1938, but due to the political situation at that time it was not reviewed internationally before publication. Two English-language versions, which originated independently in Britain [5] and the United States [6] , described the parent body of these reports as The International Union of Chemistry. The US version occupied nine pages and the severely abbreviated British account only three. These rules specifically excluded discussing names of new elements, which were the business of the Atomic Weights Commission. Despite this, CNIC became deeply involved in new element names and symbols by the 1960s. The 1940 Rules were actually generally ignored, because they were not circulated for international discussion, and few knew of their existence. They represent an attempt to standardise practices of the time in inorganic nomenclature, not to consider possible future requirements. Structural information, widely discussed today, was almost entirely lacking in 1938.
report of CNIC
The Rules cover names and formulae, the order of citation of parts of names, and how to indicate stoichiometry. The report recommends means for expressing formulae as names and for showing valence (today termed oxidation state), and for the ordering symbols in formulae, though formulae were again suggested to adopt patterns such as NaCO 3 rather than NaCO 3 . This report also presages some of the problems which later occupied the efforts of both CNOC and CNIC such as word ordering and symbol ordering. The terminations -ous and -ic were recognised as often unsatisfactory, which has not prevented them from still being in widespread use today! Major discussion concerned names and formulae of ternary, quaternary, etc., compounds, especially oxy-acids and their salts and presented long lists of compounds also citing many trivial names.
Coordination compounds are treated by the method essentially devised by Alfred Werner (1866-1919) and dismissed in about a single column. Iso-and hetero-polyacids and their salts are covered in two pages and finally double salts, and hydrates and similar addition compounds are cursorily treated.
The 1957 Red Book (RB 1957)
In 1947 CNIC decided to revise the 1940 Rules. The text, covering 93 pages, was edited after submissions from national bodies and three discussion meetings, and was published in two languages, an English version facing page-by-page a French version, which was current IUPAC practice at the time. These were the first versions of the inorganic rules to be published and circulated commercially, and were intended for widespread use.
The names and symbols of the elements with their atomic numbers are listed in alphabetical name order, and there is no mention of the Periodic Table. The book adopted practices for designating atomic symbols with mass number, atomic number, ionic charge and the number of such atoms in a formula and used The Stock notation, first proposed in 1919. Most of the current methods of writing names and formulae were clearly prescribed by 1957. Treatment of coordination compounds in both languages occupies 24 pages, but a rational system to describe polymorphs was not possible in the absence structural information. RB 1957 essentially reflects the older style of research, devoted to accumulating new facts and materials, but rationalisation of data was much more difficult and rarely attempted. Inorganic chemists were fascinated
The facing English and French title pages of RB 1957
by the specific facts of chemistry but knew little of electronic structure. Students of inorganic chemistry were expected to absorb large amounts of facts, and, if they could, to make any suitable generalisations. I remember being informed in a lecture by my first university teacher of inorganic chemistry in 1953 that "boron is like aluminium, only moreso." This did not mean much to me.
Nevertheless, the increase of interaction between chemists, limited to slow conventional post, required unequivocal methods of communication, and IUPAC was attempting to provide this through CNIC. Such was still the case when, in 1966, I attended my first meeting of CNIC in Copenhagen, as stand-in secretary. The job entailed writing minutes of the day's discussions so that they could be approved as the first item on the morning of the following day. I had newly moved to work at the Nitrogen Fixation Unit at the University of Sussex, and its Director, Joseph Chatt, was my motivator. RB 1957 was our major reference for solving nomenclature problems.
As chemistry developed, CNIC began to have problems in making decisions about matters that were also of common interest to the Organic Nomenclature Committee (CNOC), and these continued until the reorganisation of IUPAC and the formation of Division VIII in 2000 [6] . The scientists who produced RB 1957 had treated inorganic chemistry research mainly for collecting new facts and were not very interested in rationalisation. However a new generation of researchers were developing in the 1960s as well as new branches of chemistry, such as organometallic and solid-state chemistry and CNIC appreciated these developments. Consequently an enlarged new Red Book was produced in 1970, and though not significantly changed in coverage compared to RB 1957 it was written in English only.
The 1970 Red Book (RB 1970)
Work on this Red Book started in 1959, and involved most of the membership of CNIC as well as outside helpers, such as when considering macromolecular chemistry. Interim proposals had been published for comment in the IUPAC Information Bulletin before final editing of the text, so that the views of the chemistry community could be taken into account. The result was a much extended treatment of inorganic nomenclature and new formalisms to describe newly recognised phenomena. Work on organic derivatives of boron, silicon and phosphorus had been carried out jointly with the Commission for the Nomenclature of Organic Chemistry (CNOC) and had led to tentative proposals, which were also under review. RB 1970 contained a useful preamble, new treatment of coordination chemistry describing names of coordination compounds and of ligands, including unsaturated organic ligands, showing how they are bound. There is no mention of the Periodic Table, though the elements are listed as labelled groups, for example, Br, I, and At are labelled 7B, but without explanation.
The RB 1990 Red Book (RB 1990)
This was more than an update of the previous Red Book. The text was reviewed by specialists who were not members of the Commission. Much care was taken to reflect the new types of structure and bonding which had been discovered since RB 1970 had been written. In addition, an IUPAC Periodic Table appeared on the end-paper preceding the title page, and a short form is contained in an Appendix. RB 1990 also used long forms of the Periodic Table with the Group numbering I-XVIII which CNIC had introduced: indeed the two different A/B systems were liable to sow confusion amongst readers of chemistry papers and needed to be abandoned. CNIC had also been aware that though it carried responsibility at the time for deciding upon names and symbols for new elements it was sometimes necessary to provide names and symbols for elements which had not been unequivocally prepared but were the subject of academic discussion. RB 1990 described how to provide systematic provisional names and symbols for such elements [8] .
RB 1990 took 10 years to complete, beginning in 1978. The 110 pages of RB 1970 had expanded in RB 1990 to 289. The new version, with specific authors nominated for particular subjects, aimed at providing users with a greater understanding of the methodology of inorganic chemistry nomenclature, not simply a book to be scanned to discover a name which seemed to deal with the reader's naming problem at issue. Coordination compounds occupy more than 60 pages, a 50 % increase on RB 1970. The problems of accommodating the names of large organic and organometallic ligands into the coordination nomenclature are broached, and the now widely used kappa method was used to designate coordination sites. The five-page chapter in RB 1970 devoted to boron compounds was here expanded to a thirty-page chapter on boron hydrides and related compounds, which included compounds with skeletal replacement, such as metallaboranes.
The 2000 Red Book (RB 2000)
This book, entitled Nomenclature of Inorganic Chemistry II, is an extension of RB 1990 (retrospectively regarded as Part I) and the topics covered are additional to those selected for Part I. Many of the species discussed in this version of the Red Book were new, unknown to traditional inorganic chemistry, and were not nameable by the established methods. Topics covered included polyanions including defect structures, isotopically modified inorganic compounds specific classes of compound, metal complexes of tetrapyrroles, hydrides of nitrogen and derived cations, anions, and ligands, inorganic chains and rings, graphite intercalation compounds, and regular single-strand and inorganic and coordination polymers.
A wholesale revision of both RB 1990 and RB 2000 was already underway by 2002 [9, 10] , leading to RB 2005. However, large organisational changes occurred after 2000. Both CNIC and CNOC were wound up in 2001, and many of their activities taken over by a newly established Division of Chemical Nomenclature and Structural Representation (Division VIII) and by the Division of Inorganic Chemistry (Division II) [8] [9] [10] . This new arrangement was expected to avoid the disagreements and confrontations which occasionally bedeviled CNIC and CNOC. The Commissions had worked and met quite independently of each other, but then experienced difficulties in arranging collaborative studies on topics, such as organometallic compounds and boranes, which were of joint interest. The duty of deciding priority for discovery of new elements became a joint exercise of both IUPAC and IUPAP. During the Cold War, claims to the preparation of new synthetic heavy elements, became matters of political interest and provoked heated discussions within CNIC, to the embarrassment of many of those present. The chemist members of CNIC were not capable alone of properly judging the physics of such claims. The new IUPAC/IUPAP procedure is wider both in its use of expertise and its objectivity. However, the task of considering and recommending new element names and symbols remains with Division VIII.
Red Book 2005 (RB 2005)
This version was considerably expanded and updated compared to RB 1990 and RB 2000, and presented much tabulated data. For persons attempting to construct new names, it is the most accessible yet produced. Different classes of nomenclature (compositional, additive and substitutive) and their uses, organometallic nomenclature, and nomenclature of various types of inorganic solid were introduced. The treatment of coordination compounds was much expanded.
Nomenclature still needs to be regularly adapted to meet the requirements to name new types of compound, as exemplified by nanotubes, graphene, and fullerenes and to settle discussions within the community find an acceptable solution to problems such as the wider use of kappa, and where to place locants in complex names in order to specify positions of substituents etc. in long names. Amongst the inorganic nomenclature problems currently under discussion in Division VIII are the nomenclature of metallacycles containing d-block elements and a detailed description of the kappa convention for specifying the coordination sites of ligands.
Conclusion
CNIC in one form or another existed for some eighty years. The Commission witnessed the amazing development of inorganic chemistry, which occurred principally after the 1950s, and the discovery of new kinds of compounds, the existence of which could never have been envisaged in 1919. The nomenclature necessary to specify the composition and structure of such had to be invented. CNIC also saw tremendous developments in computers and communication. These have eased collaboration between chemists, but also posed further questions. It is unsure whether we shall ever see a new comprehensive Red Book such as CNIC attempted to provide in the past.
Division VIII was designed to provide an integrated approach to nomenclature. Among the prime inorganic objectives still outstanding are the extension of the system of IUPAC-preferred names, inorganic InChIs, more databases of commonly used synonyms, and organometallic nomenclature, computer-assisted nomenclature of clusters, stereochemical nomenclature, fullerene nomenclature, dendritic and hyper-branched polymer nomenclature [8] [9] [10] . How these will develop is not yet evident.
G. Jeffery Leigh is Professor Emeritus at The University of Sussex. His major research interest was in the chemistry of nitrogen fixation. He has contributed to IUPAC as a member and President of the Inorganic Chemistry Division (Div II), as a member of CNIC, as editor of the 1990 Red Book, and as originator and editor of Principles of Chemical Nomenclature, the last version dating from 2011.
